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RESIN COMPOSITION FOR INK JET RECORDING SHEET, 
THE RECORDING SHEET, RECORDING METHOD OF THE SAME, 
AND METHOD FOR PRODUCING THE RECORDING SHEET 



FIELD OF THE INVENTION 

The present invention relates to a resin 
composition for an ink jet recording sheet, an ink 

10 jet recording sheet, a method for ink jet recording, 

and a method for producing an ink jet recording 
sheet . More particularly, the present invention 
relates to a resin composition that is suitable for 
ink jet recording in which a water-based ink is 

15 used, such an ink jet recording sheet, a method for 

ink jet recording in which a water-based ink is 
used, and a method for producing such an ink jet 
recording sheet . 

2 0 BACKGROUND OF THE INVENTION 

Ink jet recording is quiet, allows for 
high-speed printing, makes multicolored printing 
possible by using a plurality of nozzles, and is low 
25 in cost. Therefore, its use rapidly became wide- 

spread as output devices for image information, such 
as color copying, computers, and the like. Media 
for this ink jet recording require properties as 
follows : 

30 (1) absorption velocity of ink is rapid; 

(2) ink can be immediately evaporated to 

dryness; 



(3) diffusion upon absorption of ink, and 
formation of unclear marginal portions of dots, are 
avoided; 

(4) incidence rates of lack in printing 
uniformity is low; 

(5) clear interfaces between different 
color zones can be provided; and 

(6) quality stability is maintained over 
the long-term preservation after printing, particu- 
larly a low incidence of inferior alteration of 
images , such as blurring even under humid condi- 
tions, is provided. 

Conventionally, an ink jet recording sheet 
has been utilized which comprises a water insoluble 
film as a support and hydrophilic polymer as a major 
component of an ink absorption layer that is over- 
laid on the support. The hydrophilic polymer may 
include water soluble polymers, e.g., polyvinyl 
alcohol, denaturated polyvinyl alcohol, polyvinyl 
pyrrolidone, gelatin, and the like. Further, ink 
jet recording sheets comprising combinations of the 
above -described hydrophilic polymer and a water- 
absorbing resin, and combinations with porous inor- 
ganic powder, such as silica, alumina, and the like, 
also have been proposed. However, problems are 
suggested in that the water soluble resin overlaid 
as an ink absorption layer absorbs water during 
storage, thus blurring of ink results when recording 
is carried out using these ink jet recording sheets. 

In order to overcome such disadvantages, 
an ink jet recording sheet is proposed that contains 
a cationic substance in the ink absorption layer, 
which would prevent blurring of ink through reac- 



tions between the cationic substance and anionic 
dyes that are used in the water-based ink. However, 
this type of ink jet recording sheet may lead to 
bleed out of the cationic substance on the surface 
of an ink-receiving layer due to an inferior mutual 
solubility between the cationic substance and the 
water soluble polymer. In addition, because such 
cationic substances have no thermoplasticity , manu- 
facturing restrictions also may result, namely 
coating application with a solution must be conduc- 
ted to produce the ink jet recording sheet. More- 
over, the fixative property of reaction products 
between the cationic substance and anionic dyes that 
are ingredients of ink may be insufficient. Conse- 
quently, prevention of blurring phenomenon may some- 
times be impossible. Additionally, alteration of 
color tone may be developed from reaction products 
of the cationic substance and anionic dyes. 

As explained heretofore, an ink jet re- 
cording sheet that satisfies all of the various 
desired properties has not yet been accomplished. 
The present invention was achieved taking these 
problems into account , and is directed to providing 
a resin composition for an ink jet recording sheet, 
an ink jet recording sheet, a method for ink jet re- 
cording, and a method for producing an ink jet re- 
cording sheet, which can be satisfactory in various 
desired properties, particularly an ink absorption 
ability and a blurring suppressive effect. 



SUMMARY OF THE INVENTION 



The present invention that accomplishes 
the objects set forth above is directed to a resin 
composition for ink jet recording which comprises 

(1) a major component of a water -absorbing polymer 
compound represented by the formula (I) below, and 

(2) a cat ionic polymer compound. 



AX 1 AR 1 
(I) 



In formula (I), "A" consists of: 



-(-CH 2 CH 2 0-)- and -^CH 2 CHO-^~ 



with a manner of linkage therebetween being: 



-^CH 2 CH 2 0-^ ^CH 2 CHO^ ^CH 2 CH 2 O-^- 



wherein m, n, and p represent integer numbers great- 
er than or equal to 1. Additionally, a weight ratio 
that is calculated on the basis of each of the 
recurrence numbers m, n, and p is predetermined to 



be 44 x (m + p) / (the molecular weight of the unit of 
the alkylene oxide having more than or equal to four 
carbon atoms) x n = 94/6-80/20, while the weight 
ratio that is calculated on the basis of each of the 
recurrence numbers m and p, p/ (m + p) should be pre- 
determined to be more than or equal to 50 percent by 
weight. Y represents hydrocarbon group having more 
than or equal to two carbon atoms. Further, X 1 rep- 
resents a residue of an organic compound having two 
active hydrogen groups, and Rl represents a residue 
of a dicarboxylic acid compound. 

The resin composition for an ink jet re- 
cording sheet of the present invention comprises (1) 
a major component of a water- absorbing polymer com- 
pound represented by the formula (I) above and (2) a 
cat ionic polymer compound that is mutually solubil- 
ized with the compound (1) , accordingly, blurring 
upon storage under humid conditions can be sup- 
pressed while an excellent ink absorption ability is 
retained. 

In this aspect of the present invention, 
when the following compound (a) or (b) is used alone 
or in combination as the cationic polymer compound 
(2) , bleed out on a surface of the ink-receiving 
layer is avoided due to their affinity to the water- 
absorbing polymer compound (I) . In addition, alter- 
ation of color tone resulting from reactions with 
the anionic dyes that are used as ingredients of ink 
are prevented. 

(a) A cationic polymer compound having a 
weight average molecular weight ranging between 
1,000 and 50,000 with linear and irregular arrange- 
ment comprising 65 mol% to 9 9 mol% of an ethylene 



structural unit represented by the following formula 

(II) , less than or equal to 15 mol% of an acrylate 
structural unit represented by the following formula 

(III) , and 1 mol% to 35 mol% of an acrylamide struc- 
tural unit represented by the following formula 

(IV) : 



-^CH 2 CH 2 ^- 



(II) 



— f CH 2 Cu)— 
COOR 2 



(III) 



wherein R 2 represents an alkyl group having 1-4 
carbon atoms , 

-4ca 2 ch)- r4 
I I 

CONH r3 + N R 5 • x- 

I 

R 6 

(IV) 

wherein R 3 represents an alkylene group having 2-8 
carbon atoms; R 4 and R 5 respectively represent an 
alkyl group having 1-4 carbon atoms; R 6 represents an 
alkyl group having 1-12 carbon atoms, an aryl alkyl 



group having 7-12 carbon atoms, or an alicyclic 
alkyl group having 6-12 carbon atoms; and X" repre- 
sents a halogen ion, CH 3 OS0 3 ", or C 2 H 5 OS0 3 ". 

(b) A cat ionic polymer compound having a 
weight average molecular weight ranging between 
1,000 and 50,000 with linear and irregular arrange- 
ment comprising 65 mol% to 99 mol% of an ethylene 
structural unit represented by the above formula 

(II) , less than or equal to 15 mol% of an acrylate 
structural unit represented by the above formula 

(III) , and 1 mol% to 35 mol% of an acrylamide struc- 
tural unit represented by the following formula (V) : 

~(CH 2 CH>- 

I / 

CONH r3 +NH • X" 

(V) 



wherein R 3 represents an alkylene group having 2-8 
carbon atoms; R 4 and R 5 respectively represent an 
alkyl group having 1-4 carbon atoms; and X" repre- 
sents a halogen ion, CH 3 OS0 3 ~, or C 2 H 5 OS0 3 ". 

The cat ionic polymer compound (2) of the 
above-described (a) and (b) preferably comprises the 
acrylate structural unit represented by the formula 
(III) , although the acrylate structural unit is not 
a necessary component to be contained therein. 
Therefore, the mole fraction of this acrylate struc- 
tural unit is defined only in terms of an upper 
limit (15 mol%) , and a lower limit thereof is not 
particularly defined. 



In the present invention set forth above, 
when a mixing ratio by weight of the water-absorbing 
polymer compound (1) and the cat ionic polymer com- 
pound (2) ranges between 50/50 and 99/1, a well- 
balanced ink absorption ability and blurring sup- 
pressive effect can be achieved. 

In the present invention set forth above, 
when a cat ionic or nonionic surface active agent is 
contained in the resin composition, blurring upon 
storage under humid conditions can be more suffi- 
ciently suppressed. An amount of surface active 
agent (3) to be contained may be preferably 1 wt% 
(percent by weight) to 10 wt%. 

When an ink jet recording sheet is pre- 
pared by overlaying a substrate layer with an ink- 
receiving layer in which the resin composition for 
an ink jet recording sheet is used, and thereafter 
ink jet recording is performed by discharging small 
droplets of water-based color ink such that they are 
adsorbed to the ink-receiving layer, then clear 
images with less blurring upon storage under humid 
conditions results . 

This ink jet recording sheet can be read- 
ily produced by extruding a resin composition that 
constitutes a substrate layer into a sheet form, 
while extruding the above-described resin composi- 
tion for an ink jet recording sheet of the present 
invention also into a sheet form concurrently with 
the substrate layer, and simultaneously forming 
layers from both of the resin compositions. 



BEST EMBODIMENT FOR CARRYING OUT THE INVENTION 



The most characteristic feature of an ink 
jet recording sheet according to the present inven- 
tion is that the ink-receiving layer comprises a 
principal component of a water-absorbing polymer 
compound (1) that is represented by the above 
formula (I) . Herein, "comprise a major component of 
a water- absorbing polymer compound (1) " means that 
the water- absorbing polymer compound (1) is a major 
polymer material of the ink-receiving layer. Spe- 
cifically, the percentage content of the water- 
absorbing polymer compound (1) in the ink- receiving 
layer may be preferably greater than or equal to 50 
wt%. 

A part represented as "A" in the above 
formula (I) may be in an arrangement, wherein an 
alkylene oxide chain having more than or equal to 4 
carbon atoms, which is designated by a recurrence 
number n, is interpositioned between an ethylene 
oxide chain designated by a recurrence number m and 
an ethylene oxide chain designated by a recurrence 
number p at opposite ends. 

The above alkylene oxide chain having more 
than or equal to 4 carbon atoms, which is designated 
by a recurrence number n, may be for example, a 
butylene oxide chain that is derived from butylene 
oxide or an a-olefin oxide chain having more than or 
equal to 12 carbon atoms that is derived from a- 
olefin oxide having more than or equal to 12 carbon 
atoms. Namely, in the above formula (I), Y may be 
an ethyl group when the alkylene oxide chain desig- 
nated by a recurrence number n is a butylene oxide 
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chain that is derived from butylene oxide. Mean- 
while, Y may be a hydrocarbon group having more than 
or equal to 10 carbon atoms when the alkylene oxide 
chain designated by a recurrence number n is an a- 
olefin oxide chain having more than or equal to 12 
carbon atoms that is derived from a-olefin oxide 
having more than or equal to 12 carbon atoms . 

Besides, in cases where an a-olefin oxide 
chain is included, the a-olefin oxide having more 
than or equal to 12 carbon atoms from which the 
chain is derived is not particularly restricted as 
long as it is an epoxide compound containing an 
alkylene group having more than or equal to 12 
carbon atoms, and may be more preferably an epoxide 
compound containing an alkylene group having carbon 
atoms ranging between 12 and 30. Such an a-olefin 
oxide may be used alone or as a mixture in combina- 
tion of two or more kinds thereof. 

When the alkylene oxide chain designated 
by a recurrence number n is a butylene oxide chain, 
the two ethylene oxide chains designated by the re- 
currence numbers m and p may be determined so that 
those chains are included in the designated part "A" 
in the above formula (I) from 80 wt% to 90 wt%, 
preferably from 82 wt% to 87 wt%. Further, when the 
alkylene oxide chain designated by a recurrence 
number n is an a-olefin oxide chain having more than 
or equal to 12 carbon atoms, the two ethylene oxide 
chains designated by the recurrence numbers m and p 
may be determined so that those chains are included 
in the designated part "A" in the above formula (I) 
from 90 wt% to 94 wt%, preferably from 92 wt% to 94 
wt%. Accordingly, at the designated part "A" in the 
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above formula (I) , a value that is calculated by 
means of the following formula may be predetermined 
to be in the range between 80/20 and 94/6: 
(44 x (m + p) / (the molecular weight of the unit of 
the alkylene oxide having more than or equal to four 
carbon atoms) x n) . For reference, "44" herein 
denotes a molecular weight of ethylene oxide. 

When the ratio of the two ethylene oxide 
chains designated by the recurrence numbers m and p 
is below the above range, it may result in a de- 
crease of an ink absorption ability of the ink jet 
recording sheet. If this ratio is greater than the 
above range to the contrary, blurring of ink upon 
storage at a humid condition may occur as a result 
of absorbing water. 

At the designated part "A" in the above 
formula (I), a value obtained by calculation: "p/ (m 
+ p) , 11 namely a ratio of an ethylene oxide chain 
part designated by the recurrence number p in two of 
the ethylene oxide chains (parts designated by the 
recurrence numbers m and p) must be determined to be 
greater than or equal to 50%, and particularly 
preferably, in the range between 60% and 80%. Con- 
sequently, an esterif ication reaction and an ester 
exchange reaction can be readily carried out with 
dicarboxylic acid compound R 1 detailed below. 

In the above-described formula (I) , a part 
designated as X 1 is a residue of an organic compound 
having two active hydrogen groups. The organic com- 
pounds having two active hydrogen groups may include 
for example, ethylene glycol, diethylene glycol, 
propylene glycol, dipropylene glycol, 1,4 -butane - 
diol, 1 , 6-hexanediol , neopentyl glycol, bisphenol A, 



polytetramethylene glycol; alicyclic diols, such as 
cyclohexane-1, 4-dimethanol and the like; amines such 
as butyl amine, laurylamine , octylamine, cyclohexyl- 
amine, aniline and the like. These may be used 
alone or in combination of two or more kinds there- 
of. 

In the above -described formula (I) , a part 
designated as R 1 is a residue of a dicarboxylic acid 
compound. The applicable dicarboxylic acid com- 
pounds may include for example, dicarboxylic acid, 
dicarboxylic anhydride, lower alkyl ester of dicar- 
boxylic acid, and the like. Dicarboxylic acids 
described above may include, for example, phthalic 
acid, isophthalic acid, terephthalic acid, malonic 
acid, succinic acid, sebacic acid, maleic acid, 
fumaric acid, adipic acid, itaconic acid, and the 
like. Dicarboxylic anhydride described above may 
include, for example, anhydrides of several kinds of 
dicarboxylic acids described above. In addition, 
the lower alkyl ester of dicarboxylic acid described 
above may include, for example, methyl ester, di- 
methyl ester, ethyl ester, diethyl ester, propyl 
ester, dipropyl ester, and the like of several kinds 
of the dicarboxylic acids described above. These 
may be used alone or in combination of two or more 
kinds thereof. Among them in particular, dicarbox- 
ylic anhydride or lower alkyl ester of dicarboxylic 
acid preferably may be used in view of feasibility 
of the reactions. 

Because this water-absorbing polymer com- 
pound (1) that is represented by formula (I) exhib- 
its water absorption ability that is 5 to 15 times 
of its own weight, an ink absorption ability can be 



imparted to the ink-receiving layer through using 
this compound. Moreover, the water -absorbing 
polymer compound (1) can be formed into a shape like 
a sheet by extrusion because of its thermoplastic- 
ity. Therefore, facilitated production of an ink 
jet recording sheet can be achieved. 

An exemplary method for producing the 
water-absorbing polymer compound (1) that is repre- 
sented by formula (I) is hereinafter explained. 
First, an organic compound having more than or equal 
to 2 carbon atoms is subjected to addition polymeri- 
zation with ethylene oxide at approximately 90-200°C 
using caustic alkali, such as sodium hydroxide or 
potassium hydroxide, as a catalyst. Next, addition 
polymerization with alkylene oxide having more than 
or equal to 4 carbon atoms is effected thereto, and 
then further addition polymerization with ethylene 
oxide is followed. Namely, ethylene oxide, butylene 
oxide, or a-olefin oxide having more than or equal 
to 12 carbon atoms, and then ethylene oxide are sub- 
jected to addition polymerization as a block in this 
order to an organic compound having two active 
hydrogen groups. By way of caution, the polyalkyl- 
ene oxide compound that is obtained in this step may 
preferably have a weight average molecular weight 
ranging between 5,000 and 30,000, and particularly 
preferably have a weight average molecular weight 
ranging between 10,000 and 3 0,000. When the weight 
average molecular weight is less than the above 
range, deterioration in formability of an ink- 
receiving layer may result. To the contrary, when 
the weight average molecular weight is greater than 
the above range, remarkable lowering of reaction 



velocity for the alkylene oxide addition reaction 
may be accompanied. Next, a dicarboxylic acid com- 
pound is added to the polyalkylene oxide compound. 
Then, following elevation of the temperature, de- 
hydration or dealcoholation is performed at a re- 
duced pressure of 0.1 to 2.7 x 10 3 Pa while heating 
at 80-250°C. The reaction time may be generally 
from 3 0 minutes to 10 hours. Accordingly, the 
water -absorbing polymer compound (1) is obtained. 

When a dicarboxylic acid compound is added 
to the polyalkylene oxide compound, the incorpora- 
tion ratio of both compounds is preferably in the 
range between 1/3.5 and 1/0.5 at an equivalent 
ratio . 

Thus obtained water-absorbing polymer com- 
pound (1) preferably may be predetermined to have a 
weight average molecular weight ranging between 
10,000 and 300,000, and particularly preferably 
between 50,0 00 and 200,000. Additionally, a value 
that is resulted from division of a weight average 
molecular weight of the water-absorbing polymer 
compound (1) obtained in such a manner with a weight 
average molecular weight of the polyalkylene oxide 
compound that is used for the production preferably 
may be greater than or equal to 3, more preferably 
in the range between 3 and 21, and still more pref- 
erably in the range between 5 and 21. 

Another feature of the ink jet recording 
sheet according to the present invention is char- 
acterized by the point that the ink-receiving layer 
comprises a cat ionic polymer compound (2) . Because 
the cat ionic polymer compound (2) may react with 
anionic dyes that are generally used in water-based 



ink, blurring of ink thereby can be prevented. In 
addition, because the cat ionic polymer compound (2) 
is a macromolecule, bleed out to the surface of the 
ink-receiving layer may not result. By way of 
caution, the cationic polymer compound (2) herein 
means cationic substances having a weight average 
molecular weight greater than or equal to 1,000, and 
preferably greater than or equal to 5,000. 

An amount of the cationic polymer compound 
(2) to be contained preferably may be in the range 
between 50/50 and 99/1, and more preferably in the 
range between 65/35 and 90/10 as a mixing ratio by 
weight of the water-absorbing polymer compound (1) 
and the cationic polymer compound (2) . When the 
amount of the cationic polymer compound (2) is less 
than the above range, blurring of ink upon storage 
of the ink jet recording sheet under humid condi- 
tions may occur as a result of absorbing water. To 
the contrary, when the amount is greater than the 
above range, an ink absorption ability of the ink- 
receiving layer may be deteriorated. 

As a suitably used cationic polymer com- 
pound (2) , 

(a) a cationic polymer compound having a 
weight average molecular weight ranging between 
1,000 and 50,000 with a linear and irregular 
arrangement comprising 65 mol% to 99 mol% of an 
ethylene structural unit represented by the above 
formula (II) , less than or equal to 15 mol% of an 
acrylate structural unit represented by the above 
formula (III) , and 1 mol% to 3 5 mol% of an acryl- 
amide structural unit represented by the above 
formula (IV) ; and 
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(b) a cat ionic polymer compound having a 
weight average molecular weight ranging between 
1,000 and 50,000 with a linear and irregular 
arrangement comprising 65 mol% to 99 mol% of an 
5 ethylene structural unit represented by the above 

formula (II) , less than or equal to 15 mol% of an 
acrylate structural unit represented by the above 
formula (III) , and 1 mol% to 35 mol% of an acryl- 
amide structural unit represented by the above 
y3 10 formula (V) may be utilized. Such cat ionic polymer 

J5 compounds may be used alone or in combination as a 

CP mixture. When such a compound (a) or (b) is em- 

01 

^ ployed as the cat ionic polymer compound (2) , blur- 

in ring of ink is more efficiently prevented, and 

n 15 changes in color tone resulting from a reaction with 

anionic dyes that are ingredients of the ink may be 
suppressed. 

The cat ionic polymer compound (2) of the 
above-described (a) must comprise 65 mol% to 99 
2 0 mol%, and more preferably, may comprise 65 mol% to 

80 mol% of the ethylene structural unit represented 
by the above formula (II) . When the content of the 
ethylene structural unit is less than the above 
range, mutual solubility with the water- absorbing 
25 polymer compound (1) may be decreased. To the 

contrary, when the content of the ethylene structur- 
al unit is greater than the above range, a blurring 
event may result because of a lack in available 
reactivity with the dyes due to insufficiently 
30 present acrylamide structural unit that participates 

in a reaction with the dyes. 

The above-described cationic polymer com- 
pound (2) of the above -described (a) must comprise 
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less than or equal to 15 mol%, and more preferably, 
may comprise 5 mol% to 10 mol% of an acrylate struc- 
tural unit represented by the above formula (III) . 
When the content of the acrylate structural unit is 
less than the above range, mutual solubility with 
the water- absorbing polymer compound (1) may not be 
achieved. When the content of the acrylate structur- 
al unit is greater than the above range to the 
contrary, there may be difficulty in producing the 
cat ionic polymer compound (2) . 

The above -described cationic polymer com- 
pound (2) of the above -described (a) must comprise 1 
mol% to 35 mol%, and particularly preferably, may 
comprise 10 mol% to 3 0 mol% of an acrylamide struc- 
tural unit represented by the above formula (IV) . 
When the content of the acrylamide structural unit 
is less than the above range, blurring of ink may 
occur due to existence of unreacted dyes because 
reaction equivalence with the dyes falls to an in- 
sufficient level. When the content of the acryl- 
amide structural unit is greater than the above 
range to the contrary, extreme deterioration of 
mutual solubility with the water-absorbing polymer 
compound (1) may result. 

The above- described cationic polymer com- 
pound (2 ) of the above -described (b) must comprise 
65 mol% to 99 mol%, and more preferably, may com- 
prise 65 mol% to 80 mol% of an ethylene structural 
unit represented by the above formula (II) . When 
the content of the ethylene structural unit is less 
than the above range, mutual solubility with the 
water -absorbing polymer compound (1) may be de- 
creased . To the contrary, when the content of the 
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ethylene structural unit is greater than the above 
range, a blurring event may result because of lack 
in available reactivity with the dyes due to in- 
sufficiently present acrylamide structural unit that 
participates in a reaction with the dyes. 

The above -described cat ionic polymer com- 
pound (2) of the above -described (b) must comprise * 
less than or equal to 15 mol%, and more preferably, 
may comprise 5 mol% to 10 mol% of an acrylate struc- 
tural unit represented by the above formula (III) . 
When the content of the acrylate structural unit is 
less than the above range, mutual solubility with 
the water-absorbing polymer compound (1) may deteri- 
orate, When the content of the acrylate structural 
unit is greater than the above range to the con- 
trary, there may be difficulty in producing the 
cat ionic polymer compound (2) . 

The above -described cationic polymer com- 
pound (2) of the above -described (b) must comprise 1 
mol% to 35 mol%, and particularly preferably, may 
comprise 10 mol% to 3 0 mol% of an acrylamide struc- 
tural unit represented by the above formula (V) . 
When the content of the acrylamide structural unit 
is less than the above range, blurring of ink may 
occur due to existence of unreacted dyes because 
reaction equivalence with the dyes falls to an in- 
sufficient level. When the content of the acryl- 
amide structural unit is greater than the above 
range to the contrary, extreme deterioration of 
mutual solubility with the water-absorbing polymer 
compound (1) may result. 

The cationic polymer compounds (2) of the 
above (a) and (b) have linear and irregular arrange- 



merits in each of the formula units. Thermoplastic - 
ity is acquired thereby, and thermof orming of the 
ink-receiving layer becomes feasible combined with 
thermoplasticity of the water-absorbing polymer 
compound (1) . Moreover, the weight average molecu- 
lar weight of such cationic polymer compound (2) is 
in the range between 1,000 and 50,000, and the range 
between 5,000 and 30,000 is particularly preferred. 
When the weight average molecular weight is less 
than the above range, bleed out of the cationic 
polymer compound (2) may occur on the surface of the 
ink- receiving layer. To the contrary, when the 
weight average molecular weight is greater than the 
above range elevation of the melting viscosity often 
may result in difficulties in mixing with the water- 
absorbing polymer compound (1) . 

It is preferred that the ink-receiving 
layer of the ink jet recording sheet according to 
the present invention comprises a cationic or 
nonionic surface active agent (3) . Because hydro - 
philicity of the ink-receiving layer is increased 
thereby, absorption velocity of ink can be improved, 
and in addition, blurring of ink can be prevented. 

Suitably employed cationic surface active 
agents (3) may include, for example, secondary 
ammonium salt type cationic surface active agents, 
tertiary ammonium salt type cationic surface active 
agents, quaternary ammonium salt type cationic sur- 
face active agents, and the like. Besides, suitably 
employed nonionic surface active agents (3) may in- 
clude, for example, alkyl phenol type nonionic sur- 
face active agents, higher alcohol type nonionic 
surface active agents, higher fatty acid type noni- 
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onic surface active agents, Pluronic- type nonionic 
surface active agents, esters of propylene glycol 
fatty acid, esters of glycerol fatty acid, and the 
like. 

An amount of the cationic or nonionic sur- 
face active agent (3) to be contained in the ink- 
receiving layer may be preferably 1% by weight to 
10% by weight, and particularly preferably, may be 
2% by weight to 5% by weight. When the amount of 
the surface active agent (3) is less than the above 
range, lowering of the ink absorption velocity may 
occur, or an incidence of ink blurring may be liable 
to increase. To the contrary, when the amount is 
greater than the above range, bleed out on the sur- 
face of the ink-receiving layer may occur, thereby 
stickiness on the surface may result. 

Although the thickness of the ink-receiv- 
ing layer is not particularly limited as long as 
absorption of the ink can be provided, it is gener- 
ally in the range between 10 urn and 50 urn, and 
particularly from 20 urn to 30 urn. 

An ink jet recording sheet according to 
the present invention is prepared from a substrate 
layer and an ink-receiving layer that is overlaid 
said substrate layer. The material of the substrate 
layer is not particularly limited. However, a film 
that is constituted from water insoluble plastics, 
for example, polyester resins, polyamides, polyole- 
fins, and the like may be suitably used. In par- 
ticular, polyester resins having superior film 
hardness, transparency, and property of adhesion to 
the receiving layer are preferable. Although the 
thickness of the substrate layer is not particularly 
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limited, it is generally in the range between 50 um 
and 100 um, and particularly from 70 um to 100 um. 

A method for producing an ink jet record- 
ing sheet of the present invention is explained 
below. First, a resin composition is prepared by 
melting and admixing a water- absorbing polymer com- 
pound (1) and a cat ionic polymer compound (2) 
according to known methods; and adding cat ionic or 
nonionic surface active agent (3) , if required. 
Next, the resin composition is pelletized, followed 
by melting, and extrusion into a film form while 
concomitantly overlaying the substrate layer so that 
an ink jet recording sheet can be produced. When 
the substrate layer is prepared from plastics, the 
ink jet recording sheet can be produced through so- 
called coextrusion wherein overlaying is performed 
while extruding both of the ink-receiving layer and 
the substrate layer. Simplification of the process 
for production of the ink jet recording sheet can be 
achieved by this coextrusion. 

Furthermore, an ink jet recording sheet 
also can be produced by dissolving the resin compo- 
sition in a solvent that can dissolve the afore- 
mentioned resin composition used for the ink-receiv- 
ing layer (e.g., a mixed solvent of toluene and 
methanol) ; and coating the dissolved composition on 
a substrate layer. For the coating process, several 
kinds of known means, for example, bar coating ma- 
chine, roll coating machine, blade coating machine, 
kiss coating machine, and the like, can be employed. 

When a substrate layer is overlaid with an 
ink-receiving layer by the above-described extrusion 
or coating, a treatment on the surface of the sub- 



strate layer with primer may be conducted in order 
to improve the adhesion strength of the both layers, 
if necessary. 

When ink jet recording is carried out 
using this ink jet recording sheet, water-based ink 
is rapidly absorbed into the ink-receiving sheet, 
thus clear images can be obtained. Additionally, 
even when the ink jet recording sheet is subjected 
to storage after printing under humid conditions for 
a long period of time, blurring of ink hardly 
occurs . 

The effects exerted by the present inven- 
tion would be apparent from the Examples below, 
however, those Examples should not be construed as 
any limitation of the present invention. 

[Example 1] 

A water-absorbing polymer compound (1) was 
prepared, with m being 52, n being 14, p being 155, 
Y being an ethyl group, X 1 being an ethylene glycol 
residue, and R 1 being a eicosanedioic acid residue in 
the above -described formula (I) . The weight ratio 
of alkylene oxide having 4 or more carbon atoms in 
the polyalkylene oxide compound was 11 wt% for this 
water- absorbing polymer compound (1) . In addition, 
the weight average molecular weight of polyalkylene 
oxide residue represented by AX X A was 20,294. 
Further, the weight average molecular weight of this 
water-absorbing polymer compound (1) was 154,800. 
For a reference, measurement of a molecular weight 
was performed by determination through PEO conver- 
sion, using GPC in a water-based system with a mixed 
solution of acetonitrile and water with a ratio of 



1:1 as a solvent for dissolving the water-absorbing 
polymer compound (1) . 

Meanwhile, a cat ionic polymer compound (2) 
was prepared, with R 2 being C 2 H 5 in the above formula 
(III), R 3 being an ethylene group, R 4 , R 5 , and R 6 
being methyl groups, and X" being C 2 H 5 OS(V in the 
above formula (IV) . Molar fractions (determined 
with NMR) in this cationic polymer compound (2) were 
65 mol% for an ethylene structural unit represented 
by the above formula (II) ; 5 mol% for an acrylate 
structural unit represented by the above formula 
(III) ; and 30 mol% for an acrylamide structural unit 
represented by the above formula (IV) * Moreover, 
the weight average molecular weight (determined with 
GPC) of this cationic polymer compound (2) was 
23,000. 

Then, 80 parts by weight of the water- 
absorbing polymer compound (1) and 20 parts by 
weight of the cationic polymer compound (2) were 
mixed using a double spindle extruder at an extru- 
sion condition of 150°C, thus pelletization was 
accomplished. Next, the resulting pellet was ex- 
truded using a single spindle extruder at 150 °C, 
thereby a film having 40 urn of thickness was formed. 
Finally, an ink jet recording sheet of Example 1 was 
produced through overlaying a polyethylene tereph- 
thalate film (100 urn of thickness) with thus formed 
film, followed by lamination process at 160°C. 

[Example 2] 

A water-absorbing polymer compound (1) was 
prepared, with m being 28, n being 2, p being 118, Y 
being a hydrocarbon group having 12-14 carbon atoms, 



X 1 being an ethylene glycol residue, and R l being a 
terephthalic acid residue in the above-described 
formula (I) . The weight ratio of alkylene oxide 
having 4 or more carbon atoms in the polyalkylene 
oxide compound was 6 wt% for this water-absorbing 
polymer compound (1) . In addition, the weight aver- 
age molecular weight of polyalkylene oxide residue 
represented by AX X A was 13,873. Further, the weight 
average molecular weight of this water- absorbing 
polymer compound (1) was 97,111, when it was deter- 
mined in a similar manner to the method for measure- 
ment in the above Example 1. 

Meanwhile, a cat ionic polymer compound (2) 
was prepared, with R 2 being C 2 H 5 in the above formula 
(III), R 3 being an ethylene group, R 4 and R 5 being 
methyl groups, R 6 being a lauryl group, and X" being 
a chloride ion in the above formula (IV) . Molar 
fractions (determined with NMR) in this cationic 
polymer compound (2) were: 70 mol% for an ethylene 
structural unit represented by the above formula 
(II) ; 10 mol% for an acrylate structural unit repre- 
sented by the above formula (III) ; and 2 0 mol% for 
an acrylamide structural unit represented by the 
above formula (IV) . Moreover, the weight average 
molecular weight (determined with GPC) of this cat- 
ionic polymer compound (2) was 23,000. 

Then, 75 parts by weight of the water- 
absorbing polymer compound (1) and 25 parts by 
weight of the cationic polymer compound (2) were 
used to produce an ink jet recording sheet of 
Example 2 in a similar manner to the procedure in 
Example 1 . 



[Example 3] 

A water -absorbing polymer compound (1) was 
prepared, with m being 42, n being 23, p being 168, 
Y being an ethyl group, X 1 being an ethylene glycol 
residue, and R 1 being a eicosanedioic acid residue in 
the above -described formula (I) . The weight ratio 
of alkylene oxide having 4 or more carbon atoms in 
the polyalkylene oxide compound was 18 wt% for this 
water- absorbing polymer compound (1) . In addition, 
the weight average molecular weight of polyalkylene 
oxide residue represented by AX X A was 21,854. 
Further, the weight average molecular weight of this 
water- absorbing polymer compound (1) was 139,860, 
when it was determined in a similar manner to the 
method for measurement in the above Example 1. 

Then, 85 parts by weight of the water- 
absorbing polymer compound (1) and 15 parts by 
weight of the cationic polymer compound (2) as in 
Example 1 were used to produce an ink jet recording 
sheet of Example 3 in a similar manner to the pro- 
cedure in Example 1. 

[Example 4] 

An ink jet recording sheet of Example 4 
was produced in a similar manner to the procedure in 
Example 1, except that the 2 0 parts by weight of the 
cationic polymer compound (2) that was used in 
Example 1 was substituted for a mixture of 10 parts 
by weight of the cationic polymer compound (2) as in 
Example 1 and 10 parts by weight of lauryl trimeth- 
ylammonium chloride as a cationic surface active 
agent (3) that had been previously mixed and pellet- 
ized with a heated roll at 150°C. 



[Comparative Example 1] 

An ink jet recording sheet of Comparative 
Example 1 was produced in a similar manner to the 
procedure in Example 1, except that 100 parts by 
weight of the water- absorbing polymer compound (1) 
used in Example 1 was used without using any cat- 
ionic polymer compound (2) . 

[Comparative Example 2] 

An ink jet recording sheet of Comparative 
Example 2 was produced in a similar manner to the 
procedure in Example 1, except that the 20 parts by 
weight of the cat ionic polymer compound (2) that was 
used in Example 1 was substituted for 20 parts by 
weight of lauryl t rime thyl ammonium chloride as a 
cationic surface active agent (3) . 

[Test for ink absorption ability] 
Printing was carried out on the ink jet 
recording sheet that were produced in each of the 
Examples and Comparative Examples, using ink jet 
printers (tradename "Epson PM750C"; and tradename 
"Canon BJC-455J"). At one minute after completion 
of the printing, printed portion of ink-receiving 
layer was rubbed softly with a finger, thus respec- 
tive ink absorption ability was evaluated visually. 
The results were evaluated as: highly excel- 

lent ink absorption ability without any change in 
the printed portion; "o, " excellent ink absorption 
ability; "a," fairly inferior ink absorption abil- 
ity; and "x," cases in which the ink came off with 
dirty printed portion. The results are illustrated 
in Table 1 below. 



[Test for ink blurring property] 
The ink jet recording sheets, which were 
subjected to printing similarly to the above- 
described procedure, were left at a room temperature 
for 3 hours after completion of the printing. Then, 
the sheets were placed in a constant temperature and 
humidity chamber at a temperature of 35 °C and a 
humidity of 90%, and then blurring of ink was ob- 
served visually after 24 hours and 120 hours. The 
results were evaluated as: "1," any blurring was not 
observed at all; "2," slight extent of blurring was 
observed; "3," definite blurring was observed; and 
"4," blurring was manifested so that the printing 
became beyond recognition. The results are illus- 
trated in Table 1 below. 
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As is shown in Table 1, it was apparent 
that the ink jet recording sheet produced in each of 
the Examples was superior in respect to both of the 
ink absorption ability and ink blurring property 
when compared to those of the ink jet recording 
sheet produced in each of the Comparative Examples. 
Consequently, advantages of the present invention 
were demonstrated. 

INDUSTRIAL APPLICABILITY 

As explained herein above, according to 
the present invention, better ink absorption ability 
can be afforded when ink jet recording is carried 
out, and moreover, blurring of ink can be avoided 
that was conventionally disadvantageous in cases 
where hydrophilic polymer was used in an ink- 
receiving layer. 



